In this study, we analyzed the antioxidant and antimelanogenic properties of a variety of solvent extracts of pre-bloom and full-bloom chestnut flowers. Among the solvent extracts, a pre-bloom methanol extract (preM) and an ethanol extract (preE) showed the highest amounts of phenolics (467:92 AE 0:45 and 456:24 AE 5:88 mg of gallic acid equivalent/g of extract) and flavonoids (60:96 AE 1:86 and 41:59 AE 8:57 mg of quercetin equivalent/g of extract). These extracts exhibited the highest DPPH radical and reducing activities, as well as the greatest mushroom tyrosinase inhibition activity. In addition, preE effectively protected the skin against ultraviolet (UV) rays. Further, extracts were tested for cytotoxicity on human melanoma cells (SK-MEL-2), and we observed that all the extracts were non-cytotoxic for the cells. Their effects on tyrosinase and melanin inhibitory action were further assessed, and we found that all the extracts reduced the tyrosinase activity and melanin formation of SK-MEL-2 cells as effectively as arbutin. Moreover, the protein level expression of tyrosinase decreased dramatically. However, the protein levels of the other melanogenic enzymes, tyrosinase-related protein 1 (TRP1) and dopachrome tautomerase (DCT), were not altered significantly. Therefore, the antimelanogenic effects of chestnut flower extracts were attributable to their inhibitory effects on tyrosinase via their anti-oxidative action, making them a strong candidate for use in food, cosmetics, and pharmaceutical applications.
Melanin plays a crucial role in protecting human skin from the harmful effects of UV radiation from the sun. Although it has mainly a photoprotective function in human skin, overproduction and accumulation of melanin in the skin, resulting in more pigmented patches, can become an esthetic problem. Thus melanogenic inhibitors have become increasingly important ingredients in medications 1) and cosmetics 2) for the prevention of hyperpigmentation. Melanin synthesis is regulated by melanogenic enzymes such as tyrosinase, tyrosinaserelated protein 1 (TRP1), and tyrosinase-related protein 2 (TRP2). Tyrosinase is the rate-limiting enzyme for melanogenesis.
3) It catalyzes two different reactions: hydroxylation of tyrosine and oxidation of the odiphenol product, L-DOPA. Most melanin synthesis inhibitors inhibit malanogenesis by inhibiting tyrosinase activity 4) Inhibition of tyrosinase activity has been applied in evaluating the skin-lighting activity of components in cosmeceuticals and to improve the quality and nutritional value of food products. Therefore, current research is focused on the use of natural plant extracts such as tyrosinase inhibitors in the cosmetic industry and agriculture.
Photoaging induced by UV radiation has been found to be the main factor promoting skin aging. Therefore, sun protection is an important method of delaying skin aging. It has been reported that both UV-A and UV-B are associated with skin damage, which suggests that the development of sunscreens that can block UV-radiation has great market potential. Moreover, a growing body of evidence suggests that reactive oxygen species (ROS) are generated by UV radiation. UV light and oxidative stress caused by excessive ROS, are causally linked to skin disorders, 5) indicating that antioxidants have a beneficial effect on skin health. It is also known that ROS play significant roles in the regulation of melanocyte proliferation and melanogenesis, while ROS scavengers and inhibitors such as antioxidants downregulate hyperpigmentation and thwart new UV-induced melanogenesis. 6) In recent years many studies have been focused on safe and natural ways of getting rid of skin discoloration and achieving a balanced skin tone. The study of skinprotecting and skin-lighting substances from natural sources has become a hot spot in the cosmetics field. The chestnut has long been cultivated and consumed throughout Asia, Europe, and America, and is one of the most important nut crops throughout the temperate zone. Castanea crenata var. dulcis is native to the Korean peninsula. Korean considers chestnut a wholesome food for its nutritional value. The flowers of this plant appear in June, producing a spectacular display of creamy-yellow blossoms. In Korea, honey is produced from the nectar of chestnut blossoms. The flower is also used in cosmetics, mainly for skin care. Recently, y To whom correspondence should be addressed. Department of Biotechnology, Chosun University, 375 Seosuk-dong, Dong-gu, Gwang-ju, 501-759, Republic of Korea; Tel/Fax: +82-62-230-6664; E-mail: sjbkim@chosun.ac.kr Barreira et al., evaluated the antioxidant activity of extracts from the leaves, skins, flowers, and fruits of the European chestnut (Castanea sativa Miller). 7) In this study, we sought to determine the inhibitory action of pre-bloom and full-bloom chestnut (Castanea crenata var. dulcis) flower extract on skin melanogenesis, and we also examined their antioxidant properties.
Materials and Methods
Materials. 1,1-Diphenyl-2-picryl hydrazyl (DPPH), butylated hydroxytoluene (BHT), ascorbic acid, L-3,4-dihydroxyphenylalanine (L-DOPA), 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), arbutin, mushroom tyrosinase, tyrosinase, and DCT antibodies were purchased from Sigma (St. Louis, MO). RPMI 1640 and FBS were from Gibco (Invitrogen, Carlsbad, CA). TRP1 antibody was from Santa Cruz Biotechnology (Santa Cruz, CA). The Protease inhibitor and a BCA protein assay kit were from Thermo Scientific (Waltham, MA).
Collection and preparation of chestnut flower extract. Samples of chestnut flowers (pre-bloom and full-bloom) were collected from Mudeung Mountain, Gwang-ju, Republic of Korea in May and June 2008. Samples were kept at À20 C and protected from light prior to use. A voucher specimen was deposited at Chonbuk National University, Department of Bio-Food technology, Korea. The samples (50 g) were extracted with 1 liter of 95% ethanol and methanol at room temperature over 10 d. A water extract was prepared by heating the samples (50 g) in distilled water (1 liter) under reflux at 110 C for 2.5 h. After they were filtered through Whatman filter paper (Whatman, Kent, UK), the ethanolic, methanolic, and water filtrates were evaporated under reduced pressure in a rotary evaporater (Eyela, Tokyo) at 45 C. The ethanol, methanol, and water extracts of prebloom and full-bloom chestnut flowers (hereafter referred to as preE, preM, preW, fullE, fullM, and fullW) were then freeze-dried and kept at À20
C until further analysis.
Determination of total flavonoid content. The total flavonoid content was determined by the method of Moreno, 8) with some modifications. Briefly, extracts (100 ml) were diluted with 80% aqueous ethanol (900 ml). An aliquot of 100 ml was added to eppendorf tubes containing 20 ml of 10% aluminum nitrate, 20 ml of 1M potassium acetate, and 860 ml of 80% ethanol. After 40 min at room temperature, the absorbance was determined spectrophotometrically at 415 nm. The total flavonoid concentration was calculated using quercetin as standard.
9)
Determination of total phenolic content. The total phenolic content of each extract was estimated by colorimetric assay based on procedures described by Singleton and Rossi, 10) with some modifications. Briefly, stock solutions of the various extracts were prepared by dissolving 1 mg of extract in 1 ml of pure water. Sample from stock solution (25 ml) was mixed with 500 ml of Folin-Ciocalteu reagent. After 5 min, 500 ml of Na 2 CO 3 (7.5% w/v) solution was added and the mixture was allowed to stand for 90 min, with intermittent shaking. After 90 min, the absorbance was measured at 725 nm. The final results were expressed as mg of gallic acid equivalents/g of extract (GAE).
DPPH radical scavenging activity. The free-radical scavenging activity of the extracts was estimated by the method reported by Blois, 11) with some modifications. In brief, samples were dissolved in absolute methanol and then centrifuged to remove insoluble materials. Ninety ml of 0.3 mM DPPH in methanol was mixed with 10 ml of extract solutions at various concentrations (10, 50, 100, and 300 mg/ml). The 96-well plate was allowed to stand at room temperature for 30 min. A control was prepared as described above without extract or standards. Methanol was used for baseline correction. The changes in absorbance of the all the samples and standards were measured at 517 nm. A lower absorbance of the reaction mixture indicates higher free-radical scavenging activity. Ascorbic acid and BHT were used as standards.
Radical scavenging activity was calculated using the following formula:
Radical scavenging activity (%)
Reducing power. The reducing power of the extracts was determined by the method of Oyaizu, 12) with some modifications. Briefly, 200 ml of each extract at 1 mg/ml was mixed with 0.2 M phosphate buffer solution (200 ml, pH 6.6) and 1% potassium ferricyanide (200 ml). The mixture was incubated at 50 C for 20 min. Afterwards, 200 ml of 10% trichloroacetic acid (TCA) was added to the mixture, which was then centrifuged at 12;000 Â g for 10 min. The upper layer of the solution (500 ml) was mixed with deionized water (500 ml) and 0.1% ferric chloride (100 ml) in an Ependorf tube, and the absorbance was measured at 700 nm. Increased absorbance of the reaction mixture indicated increased reducing power. Ascorbic acid was used as standard.
Sunscreen function assessment. The sunscreen effect of each extract was measured by the method of Wei et al. 13) Rutin was used as the positive control, because it has strong ability to absorb ultraviolet light. The extracts and rutin were dissolved in a 1:4 methanol-water solution to a concentration of 100 mg/l. The absorbance was measured between 200 to 400 nm using a UV-visible spectrophotometer.
Tyrosinase inhibitory assays. Tyrosinase inhibitory activity was measured by the method of Yagi et al., 14) using L-DOPA as substrate, with some modifications. Briefly, 50 ml of the tested samples (1, 1.5, and 2 mg/ml in 0.175 M phosphate buffer pH 6.8 of each extract and arbutin) was mixed with 10 ml of 0.175 M phosphate buffer (pH 6.8), 20 ml of 110 U/ml mushroom tyrosinase, and 20 ml of L-DOPA (5 mM). The assay mixture was incubated at 25 C for 2 min. The amount of dopachrome in the reaction mixture was measured as the absorbance at 475 nm. The percentage inhibition of tyrosinase activity was calculated as follows:
where A is the absorbance at 475 nm without the test sample, and B is the absorbance at 475 nm with the test sample.
Cell culture and treatments. Human melanoma cell line SK-MEL-2 was obtained from ATTC (Rockville, MD). Cells were cultured in RPMI 1640 medium supplemented with 10% FBS and penicillin (100 units/ml) and streptomycin (100 mg/ml) at 37 C in 5% CO 2 . The media were changed every 2 d. To examine possible toxic effects, SK-MEL-2 cells were treated with the extracts at concentrations ranging from 30 mg/ml to 100 mg/ml for 48 h. In a single experiment, each treatment was performed in triplicate.
Analysis of cell viability. Cell viability was determined by MTT assay. SK-MEL-2 cells were seeded in 96-well plates at a density of 1 Â 10 4 cell/well and incubated for 24 h prior to experimental treatments. The cells were then subjected to the treatments of interest. After 48 h of incubation, MTT (0.5 mg/ml) was added to each well. Following an additional 3-h incubation at 37 C, 100 ml of DMSO was added to dissolve formazan crystals. The absorbance was then measured at 540 nm using a VERSAmax micro-plate reader (Molecular Devices, Sunnyvale, CA). Wells without cells were used as blanks, and were subtracted as background from each sample. Results were expressed as percentages of control.
Determination of tyrosinase activity in vitro. The human melanoma cells, SK-MEL-2, were cultured at 5 Â 10 4 cells/well in 24-well plates. After 24 h of incubation, they were treated with concentrations of each extract, ranging from 30-100 mg/ml, and arbutin at 100 mg/ml for 48 h. They were harvested by trypsinization and washed twice with ice-cold PBS by centrifugation at 1;000 g for 5 min. Then they were lysed in PBS 0.1 M pH 7.5 containing 1% Triton X-100. After lysis for 30 min, the lysates were centrifuged at 17,700 g for 15 min. The supernatant was used for measurement of tyrosinase activity. It (80 ml) was mixed with 20 ml of 2 mM L-DOPA in 0.175 M sodium phosphate buffer (pH 6.8).
After incubation at 37
C for 1 h, the absorbance was measured at Sunnyvale, CA).
Determination of melanin content in vitro. Determination of melanin content in vitro was performed by the method of Bilodeau et al., 15) with some modifications. Briefly, SK-MEL-2 cells were seeded at 5 Â 10 4 cells/well in 24-well plates. The cells were then incubated for 48 h with and without extracts at concentrations ranging from 30 to 100 mg/ml and with 100 mg/ml of arbutin. After washing twice with PBS, the samples were dissolved in 300 ml of 1 N NaOH. They were then incubated at 60 C for 1 h, and the absorbance was measured with a VERSAmax micro plate reader at 405 nm.
DOPA staining of electrophoresed gels. To determine the amount of DOPA-positive tyrosinase, DOPA staining of the electrophoresed gels was performed as follows: SK-MEL-2 cells were treated with 100 mg/ml of extract for 48 h. The treated cells were lysed in PBS (0.1 M, pH 7.5) containing 1% Triton X-100. The cell lysates were centrifuged at 17;700 g for 15 min, and the supernatant protein was quantified with a BCA Protein Assay Kit. Thirty mg of total protein from each cell extract was resolved by 7.5% SDS-polyacrylamide gel electrophoresis (PAGE) without mercaptoethanol or heating. The gels were rinsed in 200 ml of 0.175 M sodium phosphate buffer (pH 6.8), and equilibrated at room temperature with gentle shaking. After 30 min, they were transferred into 100 ml of 5mM L-DOPA, and this was incubated in the dark at 37 C for 3 h. Intracellular tyrosinase activity was visualized in the gels as dark melanin-containing bands.
Western blotting. After treatment with 100 mg/ml of extract for 48 h, the cells were washed once with PBS and then lysed using icecold RIPA buffer with protease inhibitor cocktail. The cell lysates were centrifuged at 17;700 g for 15 min, and the protein concentrations were determined by the bicinchoninic acid (BCA) method using bovine serum albumin (BSA) as standard. The proteins (20 mg) were separated by 10.5% SDS-PAGE and transferred to a polyvinylidine difluoride (PVDF) membrane. The membrane was blocked with 5% v/v nonfat dry milk in Tris-buffered saline with Tween 20 (TBS-T) (10 mM TrisHCl, 150 mM NaCl, and 0.1% Tween 20, pH 7.5) and incubated with primary antibody for tyrosinase (1:2,000 dilution), TRP1 (1:1,000 dilution), DCT (1:2,500 dilution), or actin (1:4,000 dilution) overnight at 4 C. The membrane was washed with TBS-T and incubated for 2 h at room temperature with horseradish peroxidase (HRP)-conjugated secondary antibody. To reveal the reaction bands, the membrane was reacted with the WEST-ZOL (plus) Western blot detection system (Intron Biotechnology, Seoul, Korea) and exposed on X-ray film (BioMax MS-1, Eastman Kodak, Rochester, NY).
Results and Discussion
Total phenolic and flavonoid contents As one of the most important antioxidant plant components, phenolic compounds have been widely investigated in many medicinal plant and vegetables. 16) Although most antioxidant activities of plant sources are due to phenolic-type compounds, 17) these effects do not always correlate with the presence of large quantities of phenolics. Therefore, the two sets of data must be examined together. For this, the extracts were analyzed for total phenolic and flavonoid contents. The concentrations of total phenolics in the extracts was estimated by the Folin-Ciocalteu procedure, which is considered the best method of total phenolics determination.
18) The amounts of total phenolic and flavonoid contents are shown in Table 1 . The total phenolic content were determined in all the samples, in the following order: preE > preM > preW > fullM > fullE > fullW. The total phenolic content of each extract was expressed as gallic acid equivalent (GAE), and varied from 251.62 to 467.92 mg/g. preE, preM had very high phenolic contents (467:92 AE 0:45 and 456:24 AE 5:88 mg GAE/g).
Total flavonoid content was determined and showed in the following order: preM > preE > fullE > fullW > fullM > preW. The highest value was obtained for preM (60:96 AE 1:86 mg QE/g), followed by preE (41:59 AE 8:57 mg QE/g). Significant differences between the results were probably due to the inherently different levels of the phenolics and flavonoids in the various fractions.
Antioxidant activity
To determine whether pre-bloom and full-bloom had antioxidant activity, two classic assays, reducing power and scavenging DPPH radical assay, were carried out. The assays were performed for each extract separately. Table 2 shows the antioxidant activity of the extracts examined as functions of their concentrations. DPPH is a stable free-radical donor that is widely used to test the free-radical scavenging effects of natural antioxidants. 19) As shown in Table 2 , 21:67 AE 0:16% to 53:73 AE 0:15% of DPPH radicals were scavenged when the concentration of an extract was 50 mg/ml, which is higher than BHT (2:34 AE 0:21%) and lower than that of ascorbic acid (92:94 AE 1:65%), a potent antioxidant scavenging radicals. In addition, the scavenging activity of these extracts increased with increases in their concentration from 10 mg/ml to 300 mg/ml. Among the extracts, preE, preM, and preW evidenced the smallest concentrations necessary to inhibit half of the DPPH radicals (IC 50 ), at 45:14 AE 0:25 mg/ml, 46:35 AE 0:44 mg/ml, and 73:01 AE 0:79 mg/ml respectively. The IC 50 values of ascorbic acid and BHT were 27:79 AE 0:99 mg/ml and 194:65 AE 1:50 mg/ml respectively.
Ferric ion-reduction is often used as an indicator of electron-donating activity, which is an important mechanism of phenolic antioxidant action, and is strongly correlated with other antioxidant properties. 20) Table 2 shows the reducing powers of the extracts of chestnut flowers. The reducing power of the samples was found to be in the following order: ascorbic acid (1.115) > preM (0.772 AE 0.005 > preE (0.704 AE 0.012) > preW (0.559 AE 0.005) > fullM (0.548 AE 0.007) > fullE (0.498 AE 0.002) > fullW (0.494 AE 0.015). Ascorbic acid showed slightly higher activity, with a reducing power of 1:115 AE 0:003 at 1 mg/ml.
As shown in Fig. 1 the antioxidant activity was correlated with the total phenolic compound content in the extracts (R 2 ¼ 0:86), consistently with previous reports on correlation between antioxidant activity and total phenolic compound contents in extracts. 21, 22) 
Sunscreen function
Exposure to UV radiation is a well-documented health hazard. The UV spectrum is divided into the following key regions: UVC (100-295 nm), UVB (295-315 nm), and UVA (315-400 nm). Both UVA and UVB play roles in the pathogenesis of photosensitivity diseases such as sun burn, immunosuppression, premature skin aging, so-called photoaging, and even photocarcinogenesis. 23) Rutin is a flavone glycoside comprised of the flavonol quercetin and the disaccharide rutinose. It is abundantly present in herbs and plant foods and has been reported to have antioxidant, anti-inflammatory, anticarcinogenic, antithrombotic, cytoprotective, and vasoprotective activities. Apart from this, it has been found to maintain levels of collagen in the skin. It has a strong ability to absorb UV-light, 13, 24, 25) and has been used as a positive control in several studies, including ones on sunscreen functions. Hence, in this study we used it as a control.
It has been reported that the use of botanical supplements with antioxidant activity attenuate UV-caused oxidative stress and oxidative stress-mediated skin disorders. 26) Sunscreens are cosmetic formulations that block UV rays. To assess the sunscreen function of the chestnut flower extracts, their UV absorbance capacity was measured between 200 and 400 nm. As shown in Fig. 2 , preE strongly absorbed UVA and UVB rays within a range of 280-400 nm, followed by preW and preM. However, their absorption capacity was weaker than that of rutin, which was found to absorb UVA and UVB and UVC strongly. The lowest absorbance capacity was observed with fullE, which however absorbed UVA and UVB moderately. These results indicate that both pre-bloom and full-bloom can be used as additives in sunscreen, which absorbs UV rays on the skin and prevent deeper penetration and damage, which is attributableto their significant antioxidant ability.
Mushroom tyrosinase activity
Tyrosinase catalyzes both the hydroxylation reaction that converts tyrosine into 3-(3,4-dihydroxyphenyl)-Lalanine (DOPA) and the oxidation reaction that converts DOPA into dopaquinone, which leads to polymerizing of brown pigments. 27, 28) Hence, tyrosinase inhibitors are applied to whitening skin in cosmetics, in agriculture, and in the food industry. 29, 30) Mushroom tyrosinase is widely used as the target enzyme in screening and characterizing potential tyrosinase inhibitors. Because the mode of inhibition depends on the structures of both the substrate and the inhibitor, L-DOPA was used as the substrate in this study. The effects of the chestnut flower extracts on tyrosinase activities are shown in Table 3 . It was found that all extracts had potent inhibitory effects on the DOPA oxidase activity of mushroom tyrosinase, and that inhibitory activities increased with increases in the extract concentration. The highest tyrosinase inhibitory activity was observed with preE (86:15 AE 0:92%), followed by preW, preM, fullM, fullW, and fullE at 2 mg/ml. The mushroom tyrosinase inhibitory activity of arbutin was 90:54 AE 0:21 at this concentration.
Inhibitory effect on SK-MEL-2 melanoma cell proliferation
In the present study, we used human skin melanoma cells, SK-MEL-2, as an in vitro model. An MTT assay for cytotoxicity was employed before further in vitro testing of tyrosinase inhibition and melanin content. We found that up to a concentration of 100 mg/ml, cell viability was above 95% after treatment for 48 h, indicating that both pre-bloom and full-bloom are noncytotoxic toward SK-MEL-2 cells (data not shown). We conclude, then, that none of the tested extracts exhibited significant inhibitory effects on the proliferation of SK-MEL-2 melanoma cells at the tested level.
Effects on in vitro tyrosinase activity and melanin production
In this study, we investigated the inhibitory effects of pre-bloom and full-bloom on tyrosinase activity in SK-MEL-2 cells. All the extracts showed potent tyrosinase inhibitory effects. Table 4 indicates that all extracts clearly reduced the tyrosinase activity of the cells, in a dose dependent manner. After 48 h of incubation with preE, tyrosinase activities were at 64%, followed by preW (78%) and preM (82%) at 100 mg/ml. The tyrosinase activitiy of the arbutin at 100 mg/ml was similar to preM (82%).
Further, we evaluated the effects of these extracts on the melanogenic activities of SK-MEL-2 cells. As shown in Table 4 , all extract treatments caused dramatic decreases in the melanin content in melanoma cells, in a dose-dependent manner. The most active anti-tyrosinase extracts, preE, preW, and preM, showed dose-dependent inhibition of melanin production. Thus inhibition of melanin synthesis was related to the level of tyrosinase inhibition. Moreover, these extracts inhibited cellular tyrosinase activity and melanin synthesis as effectively as arbutin, one of the most widely used hypopigmenting agents in cosmetics. This indicates that pre-bloom and full-bloom exhibited depigmenting action, making them good candidates for skin-whitening materials.
Effects on the protein levels of tyrosinase To determine whether these changes in tyrosinase activity were related to variations in the relative amounts of this enzyme in SK-MEL-2 cells, tyrosinase synthesis was evaluated at the protein level by DOPA staining of electrophoresed gels and the Western blot technique. As shown in Fig. 3A , upon DOPA staining of electrophoresed gels, it was clear that the DOPA reactivity of tyrosinase was decreased significantly by preE, followed by preW and preM. Western blotting (Fig. 3B) revealed that the tyrosinase protein levels were decreased by all the extracts during the 48 h incubation period, in a manner that correlated well with DOPA reactivity.
Effects on the protein levels of TRP1 and DCT The tyrosinase-related protein family including TRP1 and TRP2 is known to consist of enzymes catalyzing the major steps in melanin synthesis. 31) In this study, we examined the effects of pre-bloom and full-bloom on the protein level expression of TRP1 and DCT in SK-MEL-2 cells using Western blotting (Fig. 4) . fullE strongly inhibited the TRP1 protein level, followed by preW. However, weak inhibition of the DCT protein level was observed with preW, and the other solvent extracts did not alter the DCT protein levels. This suggests that the amount of each melanogenic enzyme, e.g., tyrosinase, TRP1, and TRP2, is not always consistent with the regulation of melanogenesis, and that the chestnut flower extracts inhibit melanogenesis in SK-MEL-2 melanoma cells by inhibiting tyrosinase, at least in part. Moreover, it was surprising to observe the poor impact of TRP alteration on the pigment status of the melanocytes. 32) On the basis of the above results, it is concluded that pre-bloom and full-bloom possessed higher phenolic contents and good radical scavenging and reducing activities. They can intensively absorb UV-A and UV-B. They exhibited low cytotoxicity, potent tyrosinase inhibitory activity, and the ability to reduce the cellular melanin content. They also potentially downregulate tyrosinase protein expression, but cannot alter TRP expression significantly.
It has been reported that polyphenols are the largest group of tyrosine inhibitors, and they are considered a potential source of skin-whitening agents and food preservatives. 33) Additionally, antioxidants are scavengers and inhibitors of ROS production that can reduce hyperpigmentation and prevent UV-induced melanogenesis.
34) The pre-bloom and full-bloom flowers of chestnut are thus likely to be useful in cosmetic, medical, and nutraceutical applications. Further studies are needed to test the safety and efficacy of these extracts as potential hypopigmenting agents in normal human melanocytes. Fig. 4 . Effects of Pre-Bloom and Full-Bloom on the Expression of the Melanogenesis-Related Proteins, TRP1 and DCT, in SK-MEL-2 Human Melanoma Cells. Cells were exposed to 100 mg/ml of pre-bloom and full-bloom for 48 h. The expression levels of the melanogenesis-related proteins were examined by Western blot (A), and were estimated by densitometric analysis of each protein band (B). Actin was used as internal loading control. C, untreated control; E, ethanol extract; M, methanol extract; W, water extract. All values represent mean AE SD for three independent experiments. 
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